The Latitarsi is one large division of the subtribe Carabina (subfamily Carabinae, family Carabidae), and has been considered as a discrete morphological group consisting of 17 genera. The phylogenetic relationships and evolutionary pattern of the Latitarsi ground beetles have been investigated by analyzing mitochondrial NADH dehydrogenase subunit 5 (ND5) gene sequences. The phylogenetic tree suggests that the Latitarsi members do not form a single cluster, i.e., not monophyletic and at least 16 lineages belonging to the so-called Latitarsi emerged at about the same time of the Carabina radiation together with the members of other divisions. This suggests that these lineages (A, B, C, H, L, N, O, P, Q, R, S, T, U, V, W and X in Fig. 2a ) may be treated each as a phylogenetically distinct division equivalent to other divisions. The group with bootstrap value of more than 80 percent has been considered as a single lineage (division) with two exceptions, V and X. The independency of each lineage has been assumed by the traditional morphology as well as a single clustering on the trees constructed by independent methods, unchanged topology by replacement of outgroups, etc. Generally speaking, the members in a single lineage are geographically linked. Many phylogenetic lineages are composed of a single or only a few species without conspicuous morphological differentiation. In contrast to such a "silent morphological evolution", a remarkable morphological differentiation occasionally took place in several lineages.
INTRODUCTION
The Latitarsi are one large taxonomic division of the ground beetles in the subtribe Carabina, and are widely distributed throughout the holarctic region and the northern periphery of North Africa. Morphologically, they have been classified into 17 genera (Imura, l996) which include 168 species (Březina, l999) . The phylogenetic trees of the mitochondrial NADH dehydrogenase subunit 5 (ND5) gene sequences have been reported for some groups in this division, namely, the Oreocarabus complex (Imura et al., 1998a) , Leptocarabus (Kim et al., 2000a, b) and Tomocarabus in the Japanese Islands . The representative genera in this division seem to have radiated within a relatively short time a little after or around the radiation of the Carabina 50-40 million years ago (MYA) as deduced from an ND5 phylogenetic tree. This division is most probably polyphyletic (Imura et al., 1998a; Su et al., 2001 ). This situation seems to make it difficult to estimate the meaningful phylogenetic positions of various Latitarsi groups.
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phylogenetic trees of the ND5 gene have been constructed for 165 specimens consisting of 77 species of the Latitarsi including 38 species used in the previous papers (Imura et al., 1998a, b; Su et al., 2001) . The overall phylogeny and evolutionary pattern of the Latitarsi ground beetles have been discussed.
MATERIALS AND METHODS
The specimens analysed for the ND5 gene sequences in this study are listed in Table l , and the localities where the samples were collected are shown in Fig. 1 . The scientific names used by Imura & Mizusawa (1996) and by using neighbor-joining (NJ) method, the unweighted pair grouping method with arithmetic means (UPGMA) and the maximum parsimony (MP) method are according to Su et al. (1996a Su et al. ( , 1998 and Su et al. (2003) . All these methods yielded essentially the same topology unless otherwise specified and only the NJ-trees were shown in this paper. The dating was done, assuming that a 0.01 D unit corresponds to 3.6 million years for the ND5 gene of the carabid beetles (Su et al., 1998 (Su et al., , 2001 .
RESULTS
Fig . 2 shows the NJ-phylogenetic trees of almost all genera that have been taxonomically classified into the division Latitarsi, together with a few representative species of other taxonomic divisions. The representative species in this division are illustrated in Fig. 3 . On the tree were recognized a considerable number of lineages that emerged within a short period a little after or around the time of radiation of the Carabina as judged by short branch lengths with low bootstrap values, so that their branching order was unable to determine with certainty. This was not because of saturation of nucleotide substitutions, since the actual percentage of substitutions was linearly proportional to evolutionary distance, the value corrected for multiple substitutions by Kimura's method (1980) . As compared with other divisions in which the members of each division were almost clearly clustered Table 1 and other figures. together, the species belonging to the Latitarsi did not form a single cluster. Cavazzutiocarabus latreilleanus (lineage H) and Autocarabus cristoforii (lineage L) were even weakly and indecisively clustered to the members of other divisions. In addition, the branching point of Autocarabus (lineage A), Mesocarabus (lineage B) and Orinocarabus (lineage C) were as deep as those of other taxonomic divisions such as Procrustimorphi (lineage D in Fig. 2a) , Archicarabomorphi (E), Lipastromorphi (F), Digitulati (G), Lepidospinulati (lineage I), Crenolimbi (J), Spinulati (K) and Arciferi (M), so that the lineages A, B and C would have no direct phylogenetic affinity with the other members in the Latitarsi. In the other Latitarsi members, the lineages N to X were weakly clustered as one group, respectively, but their topologies on the ND5 tree were somewhat unstable upon replacement of an outgroup, the use of the other methods of tree construction such as the UPGMA or the MP, or an addition/removal of species. In Tomocarabus (except To. harmandi), Tanaocarabus, Ulocarabus, Carpathophilus (sensu Imura et al., 1998a) , Scambocarabus and Semnocarabus, the constituent species in each genus were always clustered together around the root of the lineage X in Fig. 2 upon various treatment, having given essentially the same topology. The details for each lineage are described as follows.
Lineages A and L There existed two distinct lineages for the Autocarabus species, which revealed no direct phylogenetic linkages to each other on the tree (A and L in Fig. 2a) . Their emergences were estimated to have taken place around the same time of, or even earlier than, the radiation of the Carabina. The lineage A is divided into two sublineages, A1 and A2, with a deep branching point. The A1 included a sole species, Autocarabus auratus from eastern France and the A2 is constructed by several subspecies of Au. cancellatus from various localities Fig. 2 . NJ-phylogenetic trees of the mitochondrial ND5 gene of the subtribe Carabina. a, the overall tree; b and c, the detailed trees of the lineages W and X, respectively. The number in each branching point indicates the bootstrap percentage. The trees were outgroup-rooted using the ND5 gene sequences of Cychrus morawitzi and Cy. thibetanus. Locality numbers after the scientific names correspond to those in Table l of Europe and western Russia. In the sublineage A2, subspp. tuberculatus (western Russia), emarginatus (northwestern Italy) and carinatus (eastern France) were close to one another, and were considerably far from two specimens of subsp. graniger from western Russia. Morphologically, they are characteristic in having metallically colored dorsal surface and marked preapical emargination of the female elytra, which are rather exceptional in the Latitarsi. On the other hand, endophallic morphology of these two species is similar, and nobody has pointed out the fact that the Autocarabus species in lineage A occupies such an independent position in the phylogeny of the Carabina. Indeed, the lineage A can be regarded not only as an independent genus but also as a distinct division on the ND5 tree. The lineage L contained a single species, Autocarabus cristoforii, which is a small-sized species having an external appearance considerably different from other Autocarabus species, and is endemic to the Pyrenees of southwestern Europe. This species is rather poor in its own characteristic features, and yet its high phylogenetic independence from other Autocarabus species is evident by the present molecular phylogeny.
Lineage B Mesocarabus problematicus is widely distributed in central Europe and the adjacent islands, and was a sole constituent of the lineage B. The evolutionary distance between the specimens from eastern France (subsp. planiusculus) and that from northern Germany (subsp. harcyniae) was fairly large. Morphologically, Mesocarabus has no distinct features both in external and male genital structures separable from other Latitarsi members. However, the ND5 tree shows that it belongs to an independent lineage, which may be regarded as a distinct division.
Lineages C, H, P, S, U, W13, and X16 These lineages and sublineages had been taxonomically placed in one genus "Oreocarabus" (Imura 1996) consisting of five species-groups (Imura and Mizusawa, 1996) . Four of them were previously analyzed for the ND5 sequence to know their phylogenetic relationships (Imura et al., 1998a) . There were recognized eight independent lineages which were respectively treated as independent genera: Orinocarabus, Cavazzutiocarabus, Cytilocarabus, Euporocarabus, Phricocarabus, Titanocarabus, Rhigocarabus and Carpathophilus (Imura et al., 1998a) . However, the phylogenetic positions of the remained species group "valadimirskyi" and most of the Chinese "Oreocarabus" species are unknown yet, although Imura (1998) has rearranged them as follows on the basis of morphological characters with a reference of the molecular phylogenetic positions of Ti. sui and Rh. latro (Imura et al., 1998a) : Titanocarabus (titanus, sui); Qinlingocarabus (kitawakianus, reitterianus, nanwutai, blumenthaliellus); Heptacarabus (ohshimaianus); Piocarabus (vladimirskyi); Rhigocarabus (latro, qinlingensis, laotse, tewoenisis, mikhaili). As a part in this study, we analyzed more samples especially of the Chinese "Oreocarabus" species, and reconstructed the phylogenetic tree for all the "Oreocarabus" species (Fig. 4) . Both the previous and present trees were essentially the same, except that Phricocarabus glabratus was clustered with the Pachystus species (lineage S in Fig. 2a, and see below) .
The Chinese "Oreocarabus", with exception of Rhigocarabus, formed a well-defined cluster on the ND5 tree (lineage U in Fig. 4) , which is divided into three subclusters. To the first one (sublineage U1), Titanocarabus titanus and Ti. sui belonged. The second subcluster (U2) contained two specimens of Piocarabus vladimirskyi. The third subcluster (U3) included all four species of Qinlingocarabus (kitawakianus, reitterianus, nanwutai, blumenthaliellus), Heptacarabus ohshimaianus, and Rhigocarabus choui. As a whole, there was a good correlation between the morphology and the molecular phylogeny at a genus level. Two exceptions were that Heptacarabus was completely included in the third subcluster to which all the Qinlingocarabus species belonged. Rhigocarabus choui was clustered with the Qinlingocarabus species and was not included in the lineage W, to which all other Rhigocarabus species belonged (see below). This result shows that Heptacarabus, Qinlingopcarabus and Rh. chuoi formed a single cluster. The morphological reexamination of choui revealed that, in spite of the close similarity of the external structure to that of Rhigocarabus, endophallus of male genitalia was undoubtedly of the Qinlingocarabus-type (Fig. 5, see Fig. 3). At a species level, Titanocarabus titanus and Ti. sui were intermingled in the tree, revealing small sequence differences. The difference between Qinlingocarabus kitawakianus and Q. nanwutai was also very small.
As was pointed out by Imura et al. (1998a) , two "Oreocarabus" species, cribratus and porrectangulus, should be placed in the genus Cytilocarabus. The sequence analyses of additional specimens showed that Cy. cribratus and Cy. porrectangulus were not clearly separated on the phylogenetic tree (lineage P in Fig. 4) . Indeed, these two "species" are morphologically very close with only a small difference in the shape of aedeagal apex of male genitalia. It would be adequate to regard these two as conspecific. "Oreocarabus" gemellatus from Iran is unambiguously clustered with cribratus/porrectangulus with a reasonable evolutionary distance. Thus, this Iranian species should be considered as a member of the lineage P.
Lineages N and O Of the two species in the genus
Eurycarabus, Eu. famini from North Africa was available for the DNA analysis and formed an independent lineage (lineage N). The genus Nesaeocarabus contains three species, all endemic to the Canary Islands. One of them, Ne. abbreviatus (type species of Nesaeocarabus), was analyzed for the present study, which formed the lineage O, and appeared to be related to the Eurycarabus lineage (N). This relationship between the two genera was also supported by other trees constructed by UPGMA and MP method (not shown), although bootstrap values were not high. This result suggests a possibility that two genera would have been derived from the common ancestry, which had been isolated upon split of the African Continent and the Canary Islands. Morphologically, Eurycarabus is a well-defined group by having a small head, a robust body, short antennae lacking the hairless ventral depressions in the male, thick and characteristically sculptured elytral surface and a unique membranous projection on the ventral wall of the endophallus. Nesaeocarabus is characterized by strongly polished body surface and completely degenerated ostium lobe of the male genitalia. The most characteristic feature in the endophallic morphology of Nesaeocarabus is the presence of strongly sclerotized projection on the ventral wall, which is suggestive of the remote affinity with Eurycarabus.
Lineage Q This lineage contained only a single species, Tomocarabus harmandi, which is endemic to eastern Honshu, Japan. The geographic variations within the species have been investigated for details using the ND5 gene sequences . Fig. 2 showed that the phylogenetic position of To. harmandi is rather remote from other Tomocarabus species.
Lineages R and T Three species of Pachycarabus (koenigi and staehrini from Caucasus, and roseri from northeastern Turkey) formed one cluster (lineage R).
They are endemic to Caucasus including northeastern Turkey. Two species of the genus Meganebrius, swatensis and scheibei, both from northern Pakistan, formed another cluster (lineage T). All the species in the lineages R and T bear dark and mat body surface and are similar in morphologies despite their phylogenetic independences, suggesting that similar morphologies arose in the two lineages in parallel.
Lineage S This lineage consisted of two major sublineages, which are represented by Euporocarabus and the Pachystus-Phricocarabus complex, respectively. Pachys. cavernosus from centro-eastern Italy was clearly clustered with Ph. glabratus from Austria, and Pachys. tamsi from northern Iran was clustered with Ph. glabratus from northwestern Italy. The branching point between the cavernosus-glabratus cluster and the glabratus-tamsi cluster was rather deep with the emergence time about 20 MYA (Su et al., 2001 ). On the other hand, Pachystus and Phricocarabus are morphologically classified into two distinct genera. The results may be interpreted in such a way that the ancestor had been divided into two lineages about 20 MYA, followed by a parallel evolution of in the respective lineages, probably by a discontinuous morphological change from Phricocarabus to Pachystus or vice versa. Lineage V This lineage was composed of the species belonging to Leptocarabus (s. lat.) with exception of two Chinese "Leptocarabus" species, yokoae and marcilhaci. Three main groups of Leptocarabus were recognized by a molecular phylogenetic tree, if the Chinese species are included. They were the Japanese group, the continental group and the Chinese group (Kim et al., 2000a) . However, the Chinese group was not included in the lineage V and was a constituent of the lineage W (see below). The results confirmed the previous analysis using mitochondrial and nuclear DNAs (Su et al., 2001) .
Lineage W The species in the genus Rhigocarabus were the main constituents of this lineage, with inclusion of two Chinese "Leptocarabus" species (Su et al., 2001; see above) . Rhigocarabus contains 28 species and a number of subspecies (Březina, 1999) . Most of them are distributed in the high mountainous areas in southwestern China, and reveal similar external morphologies so as to make their classification rather difficult. In this study, 32 specimens comprising 19 species from various localities were examined for the ND5 sequences (Table 1, Fig.  1b ). As shown in Figs. 2a and b , the Rhigocarabus species were clustered well with a high bootstrap value, and the Chinese "Leptocarabus" species, yokoae and marcilhaci, fell within this lineage. Thirteen sublineages were recognized in this lineage, and eight of them respectively consisted of only a single species (Fig. 2b) . The branching order of the sublineages was unable to determine with certainty because of the short branching lengths with low bootstrap values. In other words, a considerable number of sublineages would have radiated within a short time about 30 MYA. We settled 13 sublineages, W1 through W13, for the sake of explanation.
The sublineage W1 contained two subspecies of Rh. handelmazzettii from northwestern Yunnan. They were phylogenetically close to, but morphologically distinguishable from, one another. Note that one specimen (W1-2) of handelmazzettii s. str. from the lower altitudinal area (3800 -4000 m) was closer to morphologically different subspecies virginalis than to another specimen (W1-1) of handelmazzettii s. str. from the higher altitudinal area (4200 -4400 m), suggesting that phylogeny of these two subspecies does not reflect the morphological difference, and subsp. virginalis branched off recently from one of the lines of handelmazzettii s. str.
The sublineage W2 included three specimens of Rh. itzingeri, one (subsp. rugulosior) from northwestern Yunnan and two (subsp. choguy) from southeastern Tibet (Xizang). The evolutionary distance between the Yunnan specimen and the Tibet specimens was considerably large, although these two populations show at most subspecific morphological differentiation. The result suggests that the geographical divergence is not always accompanied by morphological changes.
The sublineage W3 was composed of Rh. roborowskii maniganggo from northwestern Sichuan and Rh. ladygini from eastern Qinghai with a reasonably deep branching point.
The sublineages W4-W6, W8 and W12 comprised only a single species, respectively. W4 (Rh. indigestus from western Sichuan) might be remotely related to W5 (Rh. rhododendron from northwestern Yunnan).
The sublineage W7 contained two "Leptocarabus" species, yokoae and marcilhaci from centro-southern China, in the nearby regions of which some Rhigocarabus species are distributed. These two species are morphologically very different from other Rhigocarabus species, and are quite similar to some Japanese Leptocarabus species (see Su et al., 2001) . We have interpreted the results by assuming that the Chinese and the Japanese Leptocarabus evolved in parallel from two distinct ancestors (Su et al., 2001 ). Alternatively, it is possible that the Leptocarabus ancestor was divided into three main groups, and then the Rhigocarabus species branched off from the Chinese Leptocarabus group with rapid morphological changes, and radiated.
The sublineage W8 contained only one species Rh. laotse (subsp. qinghaiensis) from northwestern Sichuan.
The sublineages W9 and W10 constituted three specimens of Rh. cateniger from eastern Qinghai, and several specimens of Rh. confucius from centro-western Sichuan, respectively. The evolutionary distances between these species were small or almost null.
The sublineage W11 was composed of four species, Rh. pusio (subsp. hylonomus from northern Sichuan), Rh. pseudopusio (from northern Sichuan), Rh. buddaicus (subspp. obenbergeri from eastern Qinghai, linxiaicus and gansuicus from southern Gansu), and Rh. gigolo (southern Gansu). Rh. pusio and Rh. pseudopusio formed independent lines, respectively, and were distinctly separated from Rh. buddaicus and Rh. gigolo on the tree, while the evolutionary distance between Rh. buddaicus and Rh. gigolo was almost null. Morphologically, Rh. gigolo is one of the most specialized species having a peculiarly sclerotized ostium lobe on the membranous preostium of male genital organ, and is readily discriminated not only from all the subspecies of Rh. buddaicus but also from any other Rhigocarabus species (Fig. 5) . These facts suggest that a rapid morphological change took place quite recently as in the case of W1. W11 was remotely clustered with W10 (Rh. confucius) with a higher bootstrap value, suggesting that W10 and W11 share the common ancestry around the time of the Rhigocarabus radiation.
The sublineage W12 contained Rh. maleki from centronorthern Sichuan.
The sublineage W13 was composed of three species, Rh. qinlingensis from southern Shaanxi, Rh. mikhaili from southern Gansu, and Rh. latro from northern Sichuan. Rh. mikhaili was remotely related to Rh. latro, with Rh. qinlingensis as their outgroup. The three species in this sublineage and Rh. laotse (W8) had been placed in the latro species-group of the genus Oreocarabus (Imura and Mizusawa, 1996) . The previous phylogenetic study on the "Oreocarabus" complex made it clear that latro should be placed to the genus Rhigocarabus and is not a member of Oreocarabus (Imura et al., 1998a) . Other three species (laotse, qinlingensis and mikhaili) analyzed in this study also fell out in W13 of Rhigocarabus (Fig. 2b, see  Fig. 6 ).
As shown in Fig. 1b , not only the distribution range in the lineage W is narrowly restricted to southwestern China, but also each sublineage in W has its own habitat, strictly isolated from those of the other sublineages in most cases. This suggests, despite the long evolutionary history of this lineage, the members in each sublineage did not much expand their distribution after isolation, presumably because of their poor ability of immigration.
Lineage X The species morphologically classified into the genera Tomocarabus, Scambocarabus, Tanaocarabus, Ulocarabus, Carpathophilus and Semnocarabus (all established by Reitter) fell out in the lineage X with an exception of Tomocarabus harmandi (the loschnikovi group in Tomocarabus), which formed an independent lineage Q (see above). The branching order in X was ambiguous, as they were supported by low bootstrap value (see Fig. 2 ). Despite the low bootstrap value supporting the lineage X, the members in this lineage are morphologically similar and are always clustered together in the trees constructed by other methods, replacement of outgroups, and addition or deletion of the species. By the above reasons, we tentatively consider that the lineage X is a monophyletic.
A detailed phylogenetic tree of the lineage X is shown in Fig. 2c . There were considerable inconsistencies between the morphological classification and molecular phylogeny. The species placed in the same genus did not form a single group; morphologically defined genus was not necessarily monophyletic. This situation was especially apparent for the species of Tomocarabus (sensu Imura & Mizusawa, 1996) , which appeared in many distinct clusters. Morphologically, Tomocarabus is divided into four species-groups, namely the convexus-group, the marginalis-group, the loschnikovi-group and the taedatusgroup (see Fig. 6 ). Of these, the marginalis group and the taedatus group correspond to X6 and X11, respectively. The members of X6 are distributed in Eastern Europe through western Russia, and those of X11 are endemic to North America. The remaining two groups were further divided into three to six sublineages on the ND5 tree, and were apparently polyphyletic. The species in the convexus group fell out in three different sublineages, X1 (scabripennis), X2 (decolor) and X4 (convexus). X4 contained four subspecies of To. convexus, with comparatively large evolutionary distances between them. The X4 was further divided into two geographic groups, one containing the specimens from Italy (subspp. dilatatus and bucciarellii) and another consisting of those from Slovakia (nominotypical convexus) and Fig. 6 . Comparison between morphological classification and molecular phylogeny of Latitarsi. The (sub)lineages estimated by ND5 trees are shown on the left, and the morphological genera including some species groups are indicated on the right. The genera marked by a star had been taxonomically placed in one genus "Oreocarabus" (Imura, 1996). northeastern Turkey (subsp. acutangulus). The separation of the two groups would have been caused by geographic isolation upon upheaval of the Alps about 20 MYA (Su et al., 2001) . Although classified into the same group as that of To. convexus in morphology, To. scabripennis formed an independent sublineage (X1). To. decolor, which has a sclerotized projection on the ventral wall of the endophallus, also formed a distinct sublineage (X2).
The species belonging to the loschnikovi group scattered in the lineage Q and five different sublineages in the lineage X, namely X3 (fraterculus), X5 (opaculus), X7 (shaheshang), X9 (loschnikovi) and X10 (slovtzovi). The lineage Q was represented only by To. harmandi, which is endemic to Japan (see above). To. opaculus is a sole component of the sublineage X5, and is distributed in Japan, Sakhalin and the Kurils (see Su et al., 2000) . The sublineage X2 was composed of three subspecies of To. fraterculus from the Korean Peninsula and Northeast China (Liaoning). Morphological differences among these three subspecies are small, and yet their branching points were considerably deep. The sublineage X7 was composed of two Chinese species placed in two different genera, Tomocarabus shaheshang from southern Gansu and Scambocarabus kruberi from eastern Liaoning. Although the branching point between them was very deep, the cluster was supported by a high bootstrap value of 74% (Fig. 2c) .
The genus Tanaocarabus comprises three species endemic to North America, and two of them, sylvosus and forreri, were available for the DNA analyses. Basic morphological structure is very similar in both the species, and yet they belong to two independent sublineages (X8 and X12). This suggests that they arose in parallel or their morphology did not change much after their separation from the common ancestor. In X12 (Ta. forreri), the evolutionary distance between a specimen from Durango (centro-western Mexico) and two specimens from Arizona (southwestern USA) and Chihuahua (northern Mexico) was relatively large, while that of the latter two was small.
The genus Semnocarabus is composed of 8 species (Březina, 1999) , all endemic to the Tian Shan Mountains in Central Asia. Five species were available for the present DNA analyses. Morphologically, all the species in this genus are similar to one another, and yet they fell out in three different phylogenetic lines on the ND5 tree. Three species, transiliensis, regulus and erosus, were included in the main sublineage X17, and two species, bogdanowi and minimus, both from Xinjiang of northwestern China, appeared so as to form distinct sublineages X13 and X15, respectively, separated from the main sublineage X17. X17 was further separated into at least two clusters, X17a and X17b. The cluster X17a contained Se. transiliensis from the Zailiiskii Alataus and two subspecies of Se. regulus (lutshniki and nominotypical regulus) from the Terskei Ala-Toos. X17b was composed of Se. regulus regulus from the eastern part of the Terskei Ala-Toos and several subspecies of Se. erosus from southeastern Kazakhstan and northeastern Kirgiz. Note that Se. regulus appeared in two different subclusters, and one of them was phylogenetically related to Se. erosus more than to the same species in another cluster. It is possible that the Se. regulus-like beetle is the ancestral form of the X17 sublineage, from which Se. erosus branched off within X17b.
The remaining two genera in the lineage X, Ulocarabus and Carpathophilus, formed two distinct sublineages (X14 and X16), which appeared to have little relations to the genus Semnocarabus.
DISCUSSION
Comparisons of molecular phylogeny and taxonomy The Latitarsi was proposed by Imura (1996) as one of the higher taxa of the subtribe Carabina. Although originally established as one of five subdivisions in the Multistriati, the Latitarsi has been regarded as a distinct division by Imura et al. (1998b) . This division is classified into 17 (sub)genera (Imura, 1996) , and some of them are further divided into several species-groups (Imura & Mizusawa, 1996) .
The molecular phylogeny suggests that at least 16 lineages, which have been morphologically placed in the Latitarsi, emerged at about the same time of the Carabina radiation together with other divisions. Therefore, these "Latitarsi" lineages may be regarded as separate divisions, respectively, especially in the case of the lineage A (Autocarabus). The rest of the lineages, for example, B, C, H and L may also be treated as the independent divisions. However, it is possible that at least some of these lineages had the common ancestry at the very beginning of their emergence. Since this possibility cannot be verified by the present analyses, we have conventionally treated all the lineages as belonging to the Latitarsi without proposing new divisions to them. In any way, there exist considerable discrepancies between classification by morphology and molecular phylogeny, as shown in Fig. 6 . A new classification scheme of the Latitarsi based on the molecular phylogeny presented in this paper will be published elsewhere by Imura as one of the possible taxonomic systems.
Silent evolution A number of the genera in the Latitarsi emerged within a short time a little after or around the radiation of the Carabina 50-40 MYA (Su et al., 1996b; Imura et al., 1998a, b; Su et al., 2001) , followed by the secondary radiation of a number of species in the lineages W and X about 30 MYA, and so on. This would imply that the radiation of the Latitarsi took place with various scales and periods as has been recognized in many other Carabina divisions such as the Digitulati, the Procrustimorphi, etc. (Su et al., 2001) . Morphological diversifications of not a few species in the Latitarsi are rather poor, and yet they radiated in the early stage of the Carabina evolution. For example, the external morphology of almost all the species is alike throughout Tomocarabus and its related genera (the lineage X).
Many phylogenetic (sub) lineages treated in this study are composed of only a single species or at most two to three allied species. It is remarkable that no other species branched off from the lineages of Tomocarabus harmandi (Q), To. fraterculus (X3), To. convexus (X4), To. opaculus (X5), To. marginalis (X6), To. loschnikovi (X9), or else, despite that initiation of their ND5 sequence diversification took place about 30 MYA. The main cause of the ND5 diversification in each lineage would most probably be geographic isolation resulted by formation of the various barriers such as mountains, deserts, tectonic lines, straits, rivers, etc., since the apterous ground beetles such as the Carabina cannot cross these barriers. This is best exemplified by two populations of To. convexus bordered by the Alps, which were completed about 20 MYA. The evolutionary distance between them is surprisingly large in spite of almost no accompanied morphological differences.
A similar silent evolution is also observed in the Rhigocarabus species (lineage W), which inhabit the high mountains of southwestern China, with the distributional range of each species usually restricted. Despite the long evolutionary histories, differences in the external morphology among various species of Rhigocarabus are by no means conspicuous.
The facts enumerated in this section imply that after emergence of various geographic isolates, only molecular clock has been working with little morphological differentiation for their long evolutionary histories, suggesting that geographic isolation per se is not the sole cause of the speciation. In other words, the extent of morphological diversification did not run in parallel with the evolutionary distance, i.e., the approximate time elapsed after emergence of the respective species. This stands a sharp contrast to the situation, for example, within the division Procrustimorphi, where tremendous morphological diversification occurred (Su et al., 2001) . Such a silent morphological evolution is not rare in evolution of other carabid beetles as well, such as Apotomopterus sauteri (Kim et al., 1999a) , Damaster blaptoides (Su et al., 1998) , etc. (for review, see Osawa et al., 1999; Su et al., 2001 ).
Discontinuous evolution
In contrast to the silent evolution, a remarkable morphological differentiation occasionally took place during evolution. Two Chinese "Leptocarabus" species, yokoae and marcilhaci, inhabit the adjoining area of the distributional ranges of Rhigocarabus spp., and have been believed to be the closest to Leptocarabus (s. str.) of the Japanese Islands, above all to Le. kyushuensis. However, the Chinese species are phylogenetically independent from any other Leptocarabus species from Japan, Korea and eastern Eurasia. In other words, the Leptocarabus-like morphology appears in the Rhigocarabus lineage in parallel with the authentic Leptocarabus lineage (see Su et. al., 2001) . As noted in the results, an alternative interpretation would be that the ancestor of Leptocarabus species first divided into two lineages, the Chinese Leptocarabus lineage (yokoae and marcilhaci) and Continental/Japanese lineage, and then Rhigocarabus branched off from the Chinese Leptocarabus lineage presumably with discontinuous morphological change.
Rhigocarabus choui, which has a general appearance hardly distinguishable from other Rhigocarabus species, and yet its male genitalia is of the Qinlingocarabustype. Phylogenetically it is placed in the Qinlingocarabus cluster (the lineage U). This fact suggests that the occurrence of morphological transformation from the Qinlingocarabus type to the Rhigocarabus type without accompanied change in the structure of male genitalia. The emergence of Rhigocarabus gigolo (W11) or Semnocarabus erosus (X17b) from another species with accompanied morphological changes would also be the cases in which recent discontinuous morphological changes took place. A parallel evolution of Phricocarabus and Pachystus in two different lines would be also an example of discontinuous morphological change. Such a discontinuous evolution, sometimes accompanied by parallel evolution, often occurred during the Carabina evolution (Su et al., 1996c ; for review, see Osawa et al., 1999) .
